Multiple hereditary osteochondromas occur as a result of a disorder of enchondral bone growth characterised by metaphyseal protrusions of cartilage-capped bone.
Multiple hereditary osteochondromas occur as a result of a disorder of enchondral bone growth characterised by metaphyseal protrusions of cartilage-capped bone. [1] [2] [3] Considerable deformities of the forearm occur in 30% to 60% of patients with this disease. 4 The most common are relative shortening of the ulna, bowing of either or both of the forearm bones, ulnar tilt of the distal radial epiphysis, ulnar deviation of the hand and dislocation of the head of the radius. They are usually associated with a discrepancy in length between the radius and ulna. Ulnar shortening probably occurs because the distal ulnar physis contributes more to total length than the distal radial physis does to the total length of the radius. In addition, the distal ulnar physis has a smaller cross-sectional area than that of the distal radius, causing a greater proportional involvement of the ulnar growth plate. 5 A number of techniques for the surgical management of deformities of the forearm have been described. [6] [7] [8] [9] [10] [11] Surgical intervention is indicated for pain or a functional deficit related to an osteochondroma. Occasionally, surgery is performed to improve the cosmetic appearance.
Some studies have shown a more significant improvement in appearance than in function after surgery. [12] [13] [14] Stanton and Hansen 14 found that patients with multiple hereditary osteochondromas tolerated deformities of the upper limb well and had little loss of function measured both subjectively and objectively. Arms et al 12 suggested that correction of deformity and improvement of function were not necessarily associated. Known surgical interventions include simple excision of osteochondromas, acute or gradual ulnar lengthening, corrective radial osteotomy, hemi-epiphyseal stapling of the distal radius, creation of a one-bone forearm 10 and the Sauvé-Kapandji procedure. 7 The most common operation performed in children is simple excision. Fogel et al 6 observed that excision of osteochondromas was not effective in controlling the progression of deformity in a series of ten patients. However, Masada et al 8 demonstrated excellent functional results with simple excision in two patients as long as the procedure was limited to those with relative radial shortening secondary to distal osteochondromas of the radius. Wood et al 11 demonstrated improved cosmesis after simple excision in four patients, but only minimal improvement in rotation of the forearm.
The rationale for ulnar lengthening is that the hypoplastic distal ulna tethers the radial physis, theoretically diminishes ulnar support for the carpus, and increases ulnar-sided pressure on the radial epiphysis. Fogel et al 6 found that ulnar lengthening could sometimes correct ulnar drift at the wrist, but that relative shortening of the ulna tended to recur. Pritchett 9 found that radial deviation at the wrist improved, as did stability of the radial head and rotation of the forearm. Masada et al 8 in a study of four patients concluded that ulnar lengthening was effective in patients with relative ulnar shortening and dislocation of the radial head.
The Sauvé-Kapandji procedure involves fusion of the distal radioulnar joint combined with the intentional formation of a distal ulnar pseudarthrosis to allow pronation and supination of the forearm. It is usually used for pain in the wrist secondary to traumatic or rheumatoid arthritis. Although a stable distal radioulnar joint with ulnocarpal support is achieved by this technique, the potential for an unstable proximal ulna remains.
Our aim was to compare the clinical and radiological results in the forearm of three operations, namely, simple excision of osteochondromas, ulnar lengthening with excision of osteochondromas, and the Sauvé-Kapandji procedure with excision of osteochondromas.
Patients and Methods
Between 1982 and 2001, 45 patients between the ages of four and 19 years with multiple hereditary osteochondromas underwent operation on the forearm at the Hospital for Children. The medical records of these patients were reviewed retrospectively with the approval of the hospital's institutional review board. Patients with clinical and radiological follow-up of less than 24 months were excluded from the study. Twenty-nine patients (33 forearms) were identified with a mean post-operative follow-up of 42.9 months (24 to 104). Twenty-two patients (22 forearms) had undergone simple excision of osteochondromas (four with ulnar lengthening), and seven had the Sauvé-Kapandji procedure with excision.
Of the four patients who underwent ulnar lengthening, it was performed in two by gradual distraction with an external fixator, and in the other two by an immediate bone graft and step-cut osteotomy with internal fixation. Lengthening was 20 mm or less to prevent potential neurovascular problems.
The original Sauvé-Kapandji procedure was modified for children by using a longer distal fragment of the ulna. The ulnar shaft was typically transected 1.5 to 2.0 cm proximal to the distal end and fixed to the radius at an angle. The angulated position was chosen in order to maintain adequate distance between the radial and ulnar shafts to facilitate rotation of the forearm. Fixation was achieved by two transverse Kirschner wires (Fig. 1) . Clinical evaluation. The indications for surgery included pain, functional loss of movement of the forearm and cosmesis. Pronation, supination and flexion and extension of the elbow were recorded immediately before operation and at the last post-operative visit. Any recurrence requiring further surgery and any surgical complications were noted.
Radiological evaluation. Anteroposterior radiographs of each forearm were examined to determine the location of the osteochondromas and the presence of subluxation or dislocation of the radial head. Figure 2 shows the parameters measured before and after operation as described by Burgess and Cates. 15 Statistical analysis. The mean and SD s for all values were calculated from pre-operative clinical and radiological measurements. These were then compared with calculated mean values obtained after operation. Statistical comparisons between pre-operative and post-operative ranges of movement and radiological parameters were performed using a two-tailed Student's t -test. A p value of ≤ 0.05 was considered to be statistically significant for all tests.
Results
Excision of osteochondromas. The mean age of the 22 patients who underwent simple excision of osteochondromas was was 9.2 years. The indication for surgery was limitation of movement in eight, pain in seven, cosmesis in six, and pain and limitation of movement in one. Deformity at the distal end of both the radius and ulna was present in 11 forearms. Six had osteochondromas at the distal ulna and five at the distal radius. No patient required excision of a proximal radial or ulnar osteochondroma. Dislocation of the radial head was not present in any of these forearms at the time of surgery.
Simple excision of osteochondromas led to a significant increase in mean supination of the forearm from 63.2˚ to 75.0˚ (p = 0.049), but did not improve pronation or flexion and extension of the elbow significantly. The radiological parameters did not change significantly.
Simple excision alone resulted in a rate of recurrence requiring further surgery of 36.4%. In patients aged ten years or older at the time of operation, the rate of recurrence was 11.0%. In patients younger than ten years, it was 53.8%. All patients with recurrence were treated by repeated simple excision. Ulnar lengthening with excision of osteochondromas. The mean age of the four patients who underwent ulnar lengthening with excision of osteochondromas was 8.8 years. Two underwent surgery for dislocation of the radial head, one for pain and one for cosmesis and pain. All had osteochondromas in the distal ulna only.
Ulnar lengthening did not significantly affect the clinical outcome. Pronation remained unchanged while the mean supination improved from 82.5˚ to 90.0˚. The mean flexion of the elbow improved from 122.5˚ to 133.8˚ while the mean extension showed a small improvement from 2.5˚ to 0.0˚. However, statistical significance was not achieved in any of these clinical findings. The radiological parameters also did not change significantly with ulnar lengthening. Further surgery was required re-operation in two patients for loss of movement. These patients showed persistent dislocation of the radial head, subsequently requiring open reduction and reconstruction of the annular ligament. Another patient required washout of an infected pin-tract site and removal of hardware.
Sauvé-Kapandji procedure with excision of osteochondromas. Seven patients underwent the Sauvé-Kapandji procedure with excision of osteochondromas. The mean age at the time of operation was 11.1 years. Three underwent surgery for limitation of movement, two for pain and two for cosmesis. Deformities of the distal radius and ulna were present in four while two had deformities at the distal ulna only and one at the distal radius only. No osteochondromas were localised in the proximal radius or ulna. The Sauvé-Kapandji procedure significantly improved the mean pronation from 33.6˚ to 55.0˚ (p = 0.047) and supination from 70.0˚ to 81.4˚ (p = 0.045). Flexion and extension of the elbow did not change. The mean radial articular angle improved from 46.0˚ to 27.8˚ (p = 0.023). The mean percentage carpal slip also improved from 83.3% to 37.3% (p = 0.031). No other significant changes were noted in the radiological measurements.
One patient required further surgery for recurrence four years and two months after the initial procedure. Simple excision of the recurrent osteochondroma was required. None of the complications sometimes associated with the Sauvé-Kapandji procedure such as nonunion or heterotopic ossification was observed in this group.
Discussion
Our study reports the results of three operations performed in patients with multiple hereditary osteochondromas of the forearm and shows that simple excision of osteochondromas can improve the range of movement of the forearm but will not halt the progression of disease, particularly in younger patients. Fogel et al 6 described simple excision in ten patients and concluded that it was not effective in controlling progression of the deformity. Osteochondromas excised from mature patients did not recur, but in four forearms from which the lesions had been excised before puberty the results were variable and unpredictable.
By contrast, other series have shown that simple excision is effective in preventing progression of the disease and improving rotation. 4, 8 Moreover, it helped to control bowing of the radius. 8 In our series, the mean supination improved by 11.8˚, while pronation did not change appreciably. Pre-operatively, usually either pronation or supination was affected, with the movement in the other direction being fairly free. None of the patients had dislocation of the radial head which is typically associated with gross discrepancy in growth of the forearm bones. Half of the forearms in our series underwent excision of osteochondromas at the distal ends of both the radius and ulna. Radiological parameters were not significantly altered by excision.
Ulnar lengthening should theoretically improve ulnar translocation at the wrist, but no statistically significant clinical or radiological improvements were noted in our patients. Fogel et al 6 performed ten ulnar lengthening procedures in eight patients. They found that relative shortening of the ulna usually recurred after the lengthening and also, in agreement with our findings, that ulnar lengthening did not result in a significant improvement in rotation of the forearm, radial articular angle or carpal slip.
Masada et al 8 noted recurrence of ulnar shortening after lengthening in 13 forearms. However, they showed significant improvement in rotation and radiological appearance. Nine of the 13 forearms also underwent radial osteotomy and it is possible that these improvements were secondary to the osteotomy.
Pritchett 9 reported the results of ulnar lengthening in ten forearms (eight patients). He found that the deformity tended to recur in younger patients and that further lengthening may be required. He recommended initial overcorrection in skeletally immature patients.
The small number of patients who underwent ulnar lengthening by two different methods make it difficult to draw conclusions from our results. However, rotation of the forearm and movement of the elbow were slightly improved by ulnar lengthening.
The Sauvé-Kapandji procedure has been used to treat a variety of complex abnormalities of the distal radioulnar joint. Johnson et al 7 described ten patients treated by this procedure. Most were in their early teens, the youngest being six years of age. Significant benefit was obtained in every case, although a second unplanned procedure was necessary in two patients because the rotation gap in the ulna filled in with bone. Three had multiple hereditary osteochondromas. The first showed limitation of movement of the forearm which improved from 90˚ of combined pronation and supination to 160˚. The second was treated prophylactically for a distal ulnar osteochondroma and ulnar shortening of more than 1 cm. This patient did well after surgery and had no further evidence of ulnar shortening. The third had pain in the wrist on rotation, extension and radial deviation. The distal radioulnar joint was unstable and deformed, with a radial articular angle of 40˚. A Sauvé-Kapandji procedure with concomitant closing wedge osteotomy of the distal radial metaphysis was performed reducing the angle of inclination to 20˚. Twenty months after surgery, the patient's wrist was free from pain with 65˚ of pronation and 70˚ of supination. However, the radial physis continued to grow asymmetrically, increasing the angle of inclination to 50˚. In retrospect, the authors conceded that an epiphysiodesis should have been performed at the same time as the radial osteotomy.
Our series has shown a significant improvement in rotation of the forearm after the Sauvé-Kapandji procedure. The mean supination increased by 11.4˚ and pronation by 21.4˚. Excision of osteochondromas from the distal end of the radius or ulna was performed at the same time. The radial articular angle and the carpal slip also improved. The changes in these radiological parameters may be secondary to displacement of the distal ulnar segment distally and fixation to the radius. This essentially mimics the outcome of ulnar lengthening by reducing the tethering effect of the distal ulna on the radial physis.
We conclude that the Sauvé-Kapandji procedure in conjunction with simple excision of osteochondromas is a useful method of treating deformity of the forearm in patients with multiple hereditary osteochondromas. It can improve stability of the wrist, movement of the forearm and the radiological appearance.
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